Objective: This pilot studied assessed the effects of the GOLO Weight Management Program with Release supplement on weight and glycemic control in subjects with type 2 diabetes mellitus and obesity.
Introduction
Excess body weight from overeating, poor nutrition and lack of exercise is highly correlated with health conditions [1] . Clinical weight loss in overweight and obese people is associated with improvements in clinical markers of health, including measures of blood sugar metabolism, insulin sensitivity and blood lipids [2] .
Populations who are overweight and obese include people who exhibit a heterogeneity in glucose metabolism, ranging from normal to insulin resistant to type 2 diabetes [3] . Elevated body weight and BMI are significant risk factors for the development of insulin resistance and type 2 diabetes mellitus [4] . People who are overweight and obese on this spectrum often have difficulty obtaining meaningful or sustained weight loss. It is well established that people who are insulin resistant or diabetic who lose weight and exercise tend to improve glucose, insulin and lipid metabolism [5] .
The Golo Weight Management Program (GWMP) is a commercially available program that includes a diet and exercise plan in addition to a supplement known as Release (www.golo.com). The GWMP is designed to help people who are overweight or obese obtain a balance of nutrients from conventional foods, eat defined portioned meals leading to gradual weight loss and participate in a low-moderate level of daily exercise. The GWMP diet is a point-based system that includes foods from all four of the macronutrient food groups. Daily total caloric intake is based on the individual's sex, age, weight size and activity level. Additionally, the program includes printed instructions, motivation and tips supporting compliance and recommends a minimum of 15 minutes of exercise per day.
The Release supplement contains 7 plant-based ingredients and 3 minerals ( Figure 1 ). Scientific evidence suggests that chromium, zinc and Banaba leaf (Lagerstoemia speciose) extract supplements may have positive effects on glycemic control, lipid metabolism and healthy weight management [6] [7] [8] .
Banaba leaf is a traditional medicine from southeast Asia which has shown hypoglycemic effects through unknown mechanisms [9] . Zinc is an essential trace mineral that plays an important role in normal islet function and is used in the production of insulin. One mechanism by which zinc may work to control glucose is through supporting insulin signal transduction, which may not function optimally in those with visceral fat [8] . Chromium has been shown to be an important cofactor in the action of insulin [10] . These agents are included in many supplements sold to people with obesity and diabetes. However, more rigorous studies of the effects of nutritional supplements on these conditions are needed and an impetus for the current study.
In unpublished case studies of clinical and wellness program use in New Zealand, GWMP was shown to reduce body weight in both healthy and diabetic people who were overweight or obese [11] . Secondary endpoints including measures of blood sugar control and lipid metabolism were observed to improve in subjects participating in the GWMP [11].
While the GWMP has been developed and used in both healthy people and people with type 2 diabetes, more research is needed to determine to what extent the program and supplement support healthy weight loss. Given the paucity of research of the validity of most commercial diet programs or over-the-counter supplements, a small pilot study was devised to guide further research into the GWMP and Release supplement. This open-label pilot study was intended to observe the effects of the GWMP and Release supplement in a representative group of subjects with type 2 diabetes mellitus and obesity at one outpatient medical practice.
Methods
This open-label pilot study evaluating the effect of the GOLO Weight Management Program with Release supplement on weight and indicators of glycemic in subjects with stable type 2 diabetes mellitus and obesity was conducted at one clinical site in the United States from July 2017 to October 2017. The site Buynak Clinical Research in Valparaiso, IN recruited subjects from the practice's patient population or through social media advertisement.
Inclusion criteria were males and females age 18 to 69 with type 2 diabetes mellitus diagnosed for at least 6 months and BMI between 30-45 kg/m 2 . Subjects could be on diet therapy or single or combination anti-diabetic medications, although subjects using insulin, or any injectable anti-diabetic medication were excluded. Other exclusion criteria included diagnosis of type 1 diabetes, history of surgical treatments for weight loss or any unstable medical condition. All subjects provided informed consent in the form of a written consent form. The study was approved by Western Institutional Review Board.
The study consisted of 4 visits over approximately 13 weeks. At visit 1, study eligibility was determined, and subjects were given the commercially available GOLO Weight Management Program and instructed on the program's diet and exercise guidelines (see below). Subjects were given the Release supplement and instructed to take one capsule three times a day with meals. Visit 2 included a telephone call to subjects to assess tolerability of the program. At approximately week 4, subjects returned for in-office Visit 3 and the final visit 4 occurred at approximately week 13 at the site. At each in-office, visit unused Release supplement tablets were collected, compliance was calculated by pill counting, and open labeled 90-count Release supplement bottles were dispensed as needed.
Body measurements were completed at in-office Visits 1, 3 and 4 and included fasting weight, height, waist and hip circumference, and resting blood pressure and pulse. A Tanita bioimpedance scale (MC-780U) was used to measure weight and calculate BMI, body fat and visceral fat. Laboratory evaluations were completed at Visit 1 and Visit 4 which included hemoglobin A1C, fasting insulin, fasting blood glucose, lipid panel (total cholesterol, LDL, HDL, triglycerides). A metabolic panel was also completed at Visit 1 and Visit 4 that included sodium, potassium, chloride, BUN, creatinine, calcium, total protein, albumin, alkaline phosphate, AST, ALT and carbon dioxide. Homeostatic model assessment of insulin resistance HOMA-IR was calculated using the formula [fasting blood glucose(mg/dl) x fasting insulin (uIU/ml)/405 [12] .
The primary endpoint for the study was change in weight at the end of approximately 13 weeks of treatment with GWMP and openlabel Release supplement. Secondary endpoints included changes in body measurements and body composition analysis, vital signs, A1C, fasting blood glucose, fasting insulin levels and HOMA-IR at the end of 13 weeks of treatment. Additional secondary endpoints included changes in lipid panel and metabolic panel results at the end of the study. Additional safety evaluations included the tracking of adverse events throughout the study period.
Change in the 16 subjects' measurements were analysed over the 13week treatment period. The change between the first and last visit were analysed using repeated measures, two tailed t-tests at a significance level of 0.05. A total of 26 subjects consented to participate in the study. One subject screen failed for a BMI outside of inclusion criteria.
GOLO weight management program
At visit 1 subjects were educated on the GWMP diet and exercise plan and were given the same supplemental information given to GOLO commercial customers. Subjects were instructed to select at least one serving from each of 4 food groups (protein, vegetables, carbohydrates and fats) at each of three meals. Protein or protein-carbohydrate snacks were permitted within the subject's daily calorie allotment. Examples of possible serving choices were outlined in the GOLO literature.
The total amount of food that the subject consumed per day was based on the subject's basal metabolic rate and exercise activity. Basal metabolic rates were derived at enrolment through a predetermined conversion based on sex, age, waist size and activity level. Subjects were instructed to add additional calorie allowances based on additional exercise as outlined in the GOLO literature. Daily calorie goals represented an approximately 500 calorie reduction from baseline maintenance levels. Compliance to diet was tracked through subject daily food diaries and subjects' calorie calculations that were later verified by study staff. Exercise was tracked in 15-minute increments in a subject diary.
Results
The baseline characteristics of the study participates are listed in Table 1 . 5 Males and 11 Females completed the study and attended all study visits and were included in the final analysis. 10 subjects withdrew or were removed from the study for the following reasons: 5 lost to follow-up/voluntarily withdrew, 3 to adverse events (2 Loose stool, 1 abdominal pain) and 2 to poor study compliance.
The average age of males participating in the study was 57.8 years and for females 58.5 years. The average starting weight was 93.51 kg (SD: 13.45) and BMI was 34.06 kg/m 2 (3.16) which is considered obese. Average hemoglobin A1c was 7.39 (1.44) and fasting blood glucose was 152 mg/dl (54.61) indicating poorly controlled type 2 diabetes. Average initial resting systolic blood pressure was 125.38 mmHg (14.78), diastolic blood pressure was 76.38 mmHg (8.55) and LDL cholesterol was 98.19 mg/dl (36.85). These values were already at or near goal levels in this group of diabetic subjects, primarily due to pre-study treatment with blood pressure and cholesterol medications.
Changes from baseline visit 1 to week 13 in weight, BMI, body analysis and body measurements are listed in Table 2 . Overall weight loss averaged -3.3 kg (SD 2.47; p<0.001) which represented an average -3.53% (SD 0.02) weight loss and was statistically significant. Reductions in several body measurement parameters were demonstrated including BMI -1.17 kg/m 2 (0.75, p<0.001), waist circumference -6.41 cm (4.22; p<0.001), hip circumference -3.81 cm (3.68, p<0.001), and body fat mass -2.34 kg (2.29, p<0.001) which were all statistically significant Waist/ Hip Ratio improved by an average of -0.02 (0.04; p=0.03). Changes in resting blood pressure and pulse were minimal and not statistically significant as most subjects were pre-treated with anti-hypertensive medication as is standard care in diabetic patients.
Changes from baseline visit 1 to week 13 in markers of glycemic control and insulin sensitivity are listed in Table 3 . Reductions in Hemoglobin A1C were statistically significant and averaged -0.61% points (0.86; p=0.01) or 8.28% (0.09) indicating improved glycemic control in the 13-week treatment period. Fasting blood glucose levels changed favorably, -24.19 mg/dl (52.31; p=0.08) but were not statistically significant. Insulin levels were reduced by -2.91 uIU/L (5.75; p=0.06) indicating a beneficial trend that was not statistically significant. However, HOMA-IR, a standard calculation of insulin resistance, was reduced by an average of -2.25 (3.33; p=02) which represented an improvement of -35.64% (0) that was statically significant.
Changes from baseline visit 1 to week 13 in lipids and hsCRP are shown in Table 4 . While no changes in lipids were statistically significant, treated subjects demonstrated favorable trends in all facets: total cholesterol reduction, LDL reduction and HDL addition. Triglycerides exhibited the largest change during the study with an average reduction of -21.81 mg/dl (59.66; p=0.16) showing a positive trend. Levels of hsCRP, a marker of general inflammation associated with cardiovascular risk, also demonstrated modest average reductions of -0.15 mg/l (1.58; p=0,71) that were not statistically significant.
In terms of safety, no significant change in other laboratory findings were observed (Table 5 ). Three subjects terminated from the study due 
Discussion
In this study, weight loss and improvements in glycemic control and insulin resistance were demonstrated in a group of subjects with type 2 diabetes mellitus and obesity treated with the GWMP and Release supplement for 13 weeks. Among the 16 subjects that completed the study, weight loss averaged -3.3 kg (SD 2.47; p<0.001) which represented an average of -3.53% (SD 0.02) weight loss. Of note, subjects demonstrated reduced fat mass of -2.34 kg (2.29; p<0.001) or an average -6.66 % (0.07) preferentially over muscle mass of -0.91 kg (1.78; p=0.06) or -1.65% (0.04). In addition, circumference measurements improved preferentially at the waist over the hips with a reduction in waist-hip ratio of -0.02 (0.04; p=0.03) that was statistically significant. Elevated waist-hip ratio has been noted as an independent risk factor of cardiovascular disease [13] .
Weight loss in subjects being treated for type 2 is often difficult to achieve, and treatments for type 2 DM often are often associated with weight gain [14] . One explanation for the weight gain usually seen in diabetic patients is that as blood sugar control is improved with intervention, less glucose is generally lost through renal oversaturation (glycosuria), retaining these calories, and causing the weight gain [14] . The finding of weight loss in this small group of subjects when the GWMP with Release supplement was added to their existing antidiabetic regimen provides evidence in support of the product's use in this population.
Treatment with the GWMP with Release supplement for 13-weeks also resulted in improvements in glycemic control as measured by Hemoglobin A1C. While the initial average A1C of study subjects at baseline (7.5) indicated poor diabetic control, the average A1C level at week 13 (6.8) met the goal A1C level recommended for diabetic patients (less than 7.0) [5] . The exact contribution to glycemic improvements from changes in diet, weight loss or components of Release supplement was not determined in this study and may be multifactorial.
Glycated hemoglobin A1c (HbA1c) is a marker long used by physicians to measure patients' glucose levels over the previous [8] [9] [10] [11] [12] weeks. For this reason, HbA1c is generally considered a more reliable marker than fasting blood glucose to reflect average levels of blood glucose [5] . Thus, a reduction in HbA1c, along with improvements in body weight, may indicate an improvement in metabolic function.
This study also demonstrated a significant improvement in insulin resistance as measured by HOMA-IR in these subjects treated with the GWMP with Release supplement for 13-weeks. Elevated levels of fasting insulin and HOMA-IR are hallmarks of type 2 diabetes, and elevated HOMA-IR serves as an independent risk factor for cardiovascular disease. Although reductions in fasting insulin levels in this study were not statistically significant, the trend was favorable. However, reductions in HOMA-IR averaged -35.64% (0), a clear demonstration of improvement in insulin resistance.
Commonly used anti-diabetic medications that effect insulin sensitivity are pioglitazone and metformin [15] . The reductions in HOMA-IR demonstrated in this study approximated that seen with these prescribed medications. In this comparable study, pioglitazone reduced HOMA-IR by 39% which was statically significant, while metformin reduced HOMA-IR by 25% and was not statistically significant [15] . The components of the GWMP that are responsible for the improvement in HOMA-IR have not been clearly identified. Weight loss itself can lower HOMA-IR levels, although not to the extent seen in this study [16] . This study indicates the components of the Release supplement may play a role in reducing insulin resistance and are possibly additive to that achieved by diet alone.
The significant improvements in HOMA-IR demonstrated by the GWMP system with the Release supplement suggest a beneficial role in other disease states including the Metabolic Syndrome or PCOS. In these disorders, insulin resistance is generally a major component and treatment of the insulin resistance improves clinical outcomes [17, 18] . More studies would be needed of the GWMP with Release in these individual areas of interest.
Favourable changes to other laboratory tests were observed from baseline visit 1 to week 13 which were not statistically significant. Improvement in liver transaminase enzymes [AST decreased by -12.22% (SD 0.49; p=.61) and ALT decreased by -13.09% (0.39; p=0.51)] are often seen with weight loss and most likely reflect decreased inflammation from fatty liver [19] . Changes in female sex hormones are also seen following weight loss [estradiol decreased by -127.21% (-56.72) p=0. 13 in women] and may represent decrease peripheral fat conversion of hormone pre-cursors [20] [21] . No other significant changes in metabolic panel values or other safety variables were observed.
The study was limited by selection of subjects at only one clinical site. In addition, the study was open-label and lacks the rigor of a double-blinded placebo-controlled study. Poor subject compliance with the GWMP diet and exercise component may also have influenced the results of the study. Although compliance with the Release supplement as obtained by pill counts (95 percent overall compliance by pill count) was excellent, compliance with diet and exercise recommendations was variable and more difficult to quantify. The relatively high drop-out rate (10/25-40%) of the subjects consented for the study reflect this difficulty in obtaining compliance with the program. Frustration with previous diet plans and unrealistic expectations about lifestyle change likely contributed to drop outs. In addition, enrolling a population with type 2 diabetes that likely has failed other attempts at diet, exercise and medical therapy presented challenges to compliance.
This study was not designed to elucidate which components of the GWMP and Release supplement were responsible for clinical improvements and may be multifactorial. This study serves a basis for the completion of larger studies in these areas.
Conclusion
In summary, the GOLO Weight Management Program with Release supplement demonstrated weight loss and improvement in glycemic control when added to standard anti-diabetic medications in this small, single center pilot study. Improvements in insulin resistance as measured by HOMA-IR approximated those seen by existing antidiabetic medications. Further studies will be needed to evaluate the role of the GWMP with Release supplement in diabetic and non-diabetic populations in these and other clinical measures.
